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Process for demineralising coal 
Field of the Invention : : ; 

'■' ' •*• - ■ • • .-.*■«.. v .->. . - -w 

'*■ - '- • 1 • * . --s i' ' :■■-•-*** *.•-■ :- .. -•. . •. _ - >m . ... 

The present invention relates to a process for demineralizing coaL 
5 Background of the invention 
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or low-ash coal: .for- fuel -and otherindustiial applications^ but none -have achieved 
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sustmned commeisi^ use, ; . 

A process was developed in Germany ^ during the 1940's for removing ash-formihg : 
. ™neral : matter from physically clearied black co^l concentrates; invpl vitig heating flie. 
.coal as a paste with aqueous .alkali solutiorii foUowed by solid/liquid^ ^ separation, acid 
1™*$^ washing stejps; Itepjp Ais pit^ ^teil;;a practica chemical 

demineraira^ that a demineraJized coW wi A an ash 

yifld t>f Q:2S%; co^d be pi^yced ffom a.: physically cleaned feed feoal wWch ted; ^ 
IS initial^h^ldoM8%. ..... \: " 

The <^al-alkaU fee^^ was stirred at 40^ - 50°C for 30 minutes, then pumped 
thrbugfi. a heat exchanger to a continuously ^ operable *gas-heated tubular reactor: in which 
the paste was exposed to f temperature of 250°G^% 

200 atmospheres (1 ^Or20MPa)7 The reacffon. raixture was then passed through the heat 
^?h?nger previously mentioned, in order to transfer heat to the incoming feed; then 
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water^ then centrifuged to separate and 
recover the /g^^..j^^(m flie. alkaMzed ;^^ Thfe latter was disposed tp'5%; 
hydrochloric acid, then centrifuged to recover the acidified coal and spent acid and 
dispensed, in water., T?ife coal w# filtered ffomthis slurry, idispers&l again, manbther lot. 
of water and centrifuged to recover the resulting low-ash coal as a damp solid product- " 
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' .» ^.v: v ™^ 0 ^^ : P produce low-ash coals fixnn pother feed coalsi most of : 

5 r :: : (^); : ;;. c^taffiing ciiatidns fro^;M lea$t pfte;el^ent ffoitf : . ; 1. 

/ . (b);: Filtration of'cOTtrifiigatidn of . the r alkalized cqal ^m v flie^p.€tot alkalinfer; 
leachanit, either at the reaction temperature or after rapid cooling to less 
*.•-'".-'.. : : jftarif:10p°C;1ii >5rder:f6 minipse Uie fomiatipn of iu^M' ^MtiMti 
10 presumably sodalite or similar compounds; - - - T . .? 

' Application of the process to to^ 

, and which ^ / 

Other ^eaircheiis Kad sfliidi^ sdenH 
lS , ^ ^minCTals, including the relative merits of different 

been directed at tKe] removal of sulphw elfimehls, and the acid 

treattnent stqj is often omitted. However, an American group (at Alcoa) has chemically 
cleaned coal to less than 0A% ash. yield, concikrehU low. 

J 'P*^. concentotions of'iron,- siIi^n^^ aluminium, titanium, sodium and calcium: The- aim 

* v ■ ""■■* * ■ "■* ■■ • . . . • • . ..... ... . ... A< 

20 :: ; ^;Jtop^ 

^^ m ™ um Mdustry; This was achieved by leaching powdered coal with hot aqueous 
allcaline solution sulphuric 
acid and aqueous nitric acid at 7ff**95°C - * - v 

■ : ; Australia p^tait :: nq:;59264G (arid cdn^on^ng; 
25 describes a process for the preparation of demineralized coal! Th is process includes the 

(a) : : fdnnittg a siwiy^r^ by weight of :. 

which particles have a maximum dimension of at least ©.Smm^ with an 
aqueous solution of an.alkali, which solution has an alkali confrat of from 
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;r^ : ;~;r-rr :5;tojp%rb^e^ splutionrtoxoal ratio: 



-V...J 



on a weight basis of at least 1 :1; 
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(b)- maintaining the si 3bo o G^p^eferabiv 

. : . .; '.*!;." vi^0?C^ ;23d^C^ ^sMtially xmcfef 

^ otogenous hy^thermal pressure and a 

(<0 separating fte^ slurry into alkalized ot^ spent aficali ieachmt 

(d) , regweratirig\the alkali leachant ^liition for reii^ in step J(a) above by the 

' J . : . I to 

; : ; ;( e ) : acidi ^g the alkalfe 

J^ilip^c or oZMin (£5 

• 1-5 and a conductivity ojf ^m^l^ 

' ' separating the f slurry into acidified; coal and a spent ^ci<| arid a spent acid 
leachant solution; and I 

• ;. (g) washing the acidified coal. - 

demiherafized : coal . product' having on ash content of less than 1% by weight and as low 
as 0.50% by weight, significant opportunities arise if ^ttie rash contrat can be reduced to 
even lower levels, If the ash level can be reduced to levels ^ even lower ^ than that achieved 
in Australian patent no, 592640; the demoralized coal product may be used as a fuel 
directly ^ £red into a gas turbine. In -this use, the deminerali^ coal could replace natural 
gas as a fuel for the ;^s tarbine. Such ; demineralized ccial could also be iised as an 
alternative to, heavy ifijel biis irid as a Sigh purity carbon source for the production of 
m StallurgicaI recarbonisers, r^axboa- electrodes for aliuninium production and ^temative 
r reductants ^for high purity silicon manufacture. 
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Summary of the invention 
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" : Z ... : ^ a fir^t aspect; the present invention providesa process fordeinirienaizing "coal. 

, . -.. ... ..... ... w ,.. : ...... . . ...... . _.. . ^ .... ^ . , . . , . . 

• comprising: *- ■ •■ 

'1:. (*)." r ^^^S; ?^ s !^^r!?^^^ PF^ 0 ^ ^ >an ?jk?fK solution; said sliuty : 
containing 10^30% by weight coal; 

(b) maintaining the slurry at a temperature of 220-250°C under a pressure 
sufficiOTt to prevent boiling; 

(c) separating the slurry into an alkalized coal and a spent alka^ 

(d) fom^g em ^ 

having a pH of 0^-1:5; r ; \ 

(e) separating the acidified slurry into a co^-contai^g Action and a 
\ . sf^bstanl^'ally liqio|a:;fiiac|ipn^ ; / 

(£) subjecting tft^^ washing step in 

whi? h the <»al^ 

solvent or water and an organic acid to foim a mi .. 

(g) separating the coal from the mixture in step <f). 

?* e co ?l *?*.' s P rov * d€ : d '*? ste P (a) is suitably a low to medium rank coal. 

^ e c ?t^ provided to step (a) preferably has a total mineral content 

generally in the range o£%i$>/> by weight More preferably, the mineral content of the 
coal should be as low as r possible. It has been found that the chemical consumption and 
hence the processing cost is , lower for coals of low ash content fed to step (a) of the 
process. Coals that are especially suitable for treatment in accordance with the process of 
the present invention have • mineral ■ contents that are richer in Si-based minerals and , 
poorer in A 1 -based minerals. - ■ 

It is preferred that the cpail that is i provided to step (&) 6f the process of the present 
invention is sized such that 100% is less than 1mm, more preferably 100% less than — 
0:5nim. The coal al&6 p»f(^^;<^nt«ihs' ^\^^mu^'M^^€nSl less than 20 niicrohs, 
more preferably less than S°A by weight smaller than 2^CTonsVit has been found flisa 
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solid/liquid separation 



to an alkali (or caustic) 
5 ' being converted to add soluble minerals: - * 

...... -v ..r. , .. . ...... , mA ... ... .... ... ...... ... ........ . .... 

;The.slurfy ^ 

weight Preferably, tfie coal concentration is about 25% by weight. 
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is preferably in the range 
of 8%. to 20% by weight, more preferably 13% to 15% by weight (calculated as NadH ' 
equivalent): The alkali materials pref^l^^ 

also be used, either singly or as a mixture of two as more alkali materials The slurry is 
heated to a temperature of |rom 220r250 o C, The slurry is preferably nwintained at this 
t ^ ,erature : for a Period of from 1 5 to 60 minutes, more preferably for about 20 minutes 

It has been found that the rate of; heating the slurry should i^fendbily be 
maintained at a rate of less than 2?C per^ minute irt the temperature range of 150°C to 

25o°c ■ ■ - / 



is pthf^tM in 1£ eps; &) ahd (B) .!^ thCcaustie slurry is formed ahd theri heated 
to the desired temperature. .,1\.."*T. 

The sliuxy m ste^ Q>) is suit^ly maintained^ the autogenous pressure of the 



It is also preferred that the slurry ^ be -subject to agitation, especially mild agitation, 
in step (b); The degree of ;^taticin is^pie&tmf such that ; d^dsitipn sbdalite 
(Na4Si3Al 3 Or2(OH)) on the process vessel wails is minimised or avoided. Aviation may 

^;tptKepferaon;rf x 



the caustic slurry from " 
step (b) into an alkalized coal md a sp^ separation step preferably 

tte^ it is especially preferred that the slurry V, 
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eb:m:^:(b):.iC566Mat5 ofetimglfteiff Jos than 5?C/nTdn^mre.i?W^ly less than: . Z. I 
2*€/^utefW^ m the range of 24Q*C ~ hS0*C^ : — 

2 .r^§l^.t c )I^X stri^Jy comprise a filtration stepr Asm^tion^ above, the filtration w 



( c ) ?s preferably washed to remove excess 
alkali, the coal is preferably washed! with a minimum of 3 parts , by weight of water for 
^ch part by weight of <^.coal, more prefe for each part by 

weight of dry coal, . *"""" 
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Step (d) of the process of the present invention may suitably involve mixing the : 
coal from step,(cX:m^ from step,(c), with water or an. acid: 

solution to obtain a shiny. The sluny pieferabty has a coal concentration that falls within ' 
the range of 5% to 20% by weight, more pre 
foimedbyn^ 

Stq> (d) preferably fo^ 

15 sulphuric acid or hydrochloric acid; "... ,- ' 

; The acidified .slurpr.has;a pH that 4Hb in the range of 6:5 to 1:5, more preferably 
pH about L0: ' 

The temperature of the slurry in step (d) preferably falls with^ 
. 2J>°C to 7Q°C, nio?e pfirfei^^ a ; ' . v 

20 Tfiesluriyma^^ 

TheOT^isprefe^ 



Itt one Embodiment of : ffie p^ 
separ^ed after p appropriate tim in step (e) and passed to step (f). In a more preferred 
25. embodiment, the coal fraction from st^ (e) isrerslu 
to a pH of between 0:5 : a«d lji^ 
g^irttian2Qmmuf^,^ 
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"1. / '.^^""^y^i ^^^^^ygy^y.cpyprise a coanterc ur^ t imxingstage; • 

" r : :>: c?) m^ C<^f^^ 

•known to the . skilletl perepn/ filtration is preferred; If the .^Sttearigal^'J's 13p .b«. i^3liiawa - 
with acid, it does not require washing. After the final stage of acid re-siiirndng, the 
filtercake ni&y be given a ininimal watCT w^h such that when the filfercake is re-slurried 
in fresh water, the pH of the solution is preferably about 2 . ' 

■ *' ■ --^ • -*■ *•* + • . .... . ...... .... . .... , v .... 

The hydrothermal wash st^ inyolv^ two p of these is to mix; 

he last of the acid soak steps with a solution of water aiad a polar organic 
sqlyent Thfe polar organic solvent is suitably iiuscible wjth water. The polar orgastic 
solvent -is preferably an alcohol, more preferably ethanoL — 

; Z 5?P*l!3 preferably n^ed ^ih tiie solution of water and ^ 
such that a slurry having a solids content of 10^30% by weight, more preferably about 
25% by weight The residual acidity from the acid soak step(s) is preferably such that the 
pHofc&e^ 

The slurry is preferably heated to a temperature of fiom 246*0 to 280^ more 
preferably 260°C to 270°C, iii ^eprXO- Xhe slurry is preferably kept at^n^er^ for a : 
period of between 1 minute and 60 minutes, more prefe^ 



25 



is ethanol. It is 
to produce tfce slurry is a* 



50% ethanol in water solution 



The slurry of coaywater/polar organic solvent is preferably heated at a heating rate 
df befw^n2°Cp^ minute and 2Q°C pCT minute.. . 

» the pressure of the slurry is such that boiling is prevented. The slurry is 
P^fef*.^ heated under autogeiibiis p^sure. At the preferred temperature specific 
above, the autogenous pressure is approximately 8 MPa. 
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Optfbn 1 of the Kydniffi ^uoBslfiftJwellof j^M^JCft U ~. 

:'S,.l ^ dT i v batiHs primarily activein i^ucmg Naro^ ^ ' 

"*"' * ' • -•• 'V a....: - -,*.-->. .. •-.■7" -- .-.v.n.-.-. ~ . .... 

the temperature used in the hyclrothermal wash. stogeT<^lte-as°.ibw^as"i'd?C^ 
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mixing the coal 



• - from the acid soak step(s) with an aqueous solution of an organic acid. Citric acid is - 

'' ' ' - ■• ■ • • • - ■ ..v.. ... ■ ..... . . 



^^cilricacid 

, acid (hydrated i ;b^s),;more pr^fer^iy ahput; 10%:;by weight. The cpM.con^tratiqh m 
the slurry is preferably in "the range of 10% to 30% by weighs more preferably about 25% 
by weight. ,The sjhnly is preferably Seated tb. a tetnpe^ture of between 240°C to 280°C, : :: 
more P^ferably between 250°G to 270°C. The pressure should be maintained at a level 
sufficient tb:fc^^ suitably |be ; autogenous pressure which; tot I 

boye, is approximately 8 MPa. The slimy is preferably 
iod of between .1 minutes and 60 minutes, more 
P ref ? ra bly about 5 minutes: The slurry is preferably heated to me elevated temperature at 
a heating rate bf betweeh 2°C per mmute ahd 20 6 C per minute. 

h> another embodiment of the second option, the slurry maiy be heated to a 
temperature of between 150°C and 160°C; In this embodiment, $a F^Hgfillftoi-lj^- 
removeaV ". "TZ-. "". .''"'J. ! \Y 



- Without wishing .-to be bound by theory;, Represent inventors have postulated that 
two mechanisms may be taking ; place in the hydrothenrial washing step to further reduce 
the ash contend these being: 

(i) ^e ttsidiiaJ acid in the coal from the acid soak step(s) results m the slurry 
of step (d) being acidified,; eg, to a pH of between 1.5 and 2.5. IWs^pnimotes further, 
mineral dissolution; ; \ ' 

(ii) : it is thought tKat humic cpmpouridiare formed, by infcractioh between the: 
coal and the alkali in steps (a) and (b): In the acid soak step(s)i these humio compounds 

lapse" a£d tie up somf of the Na.. b the hydrothefmal washing step, option 1, the 



004277778- ' • ■ " 



'•*"-•*•- < :*->*-:*■.:- ■...„-. - 



A . . w ^.::">.s.. vw,. . . ..5.. . ... ^ s 

< A * -vx*-v: ■ - . <a ... x .„„ . ^ j. .... . . ... 

. . . .v«... v.... ......... .. 

.. . . v -v -. ......... ,.. . ... 



7 - 'VI P h .^. e ^°^I;^.%^?^; s ^^^- The dcohoi^oan^e Cycled; essmtially br a ■ 

.:~"'r 61c ! 5 ^? w * • i ^ Bii » i ^ 



X'*-' "-» v. 



: *x -'-.•.:•:>•--•••-."—•••••::-:-:-. 



10 



15 



20 ; 



~ ~ SJaF (g)'pf thCP^^s>f the present myentiprf ii&yoly^ $^#atihg 0e coal from 
■■ -the- mixture or slurry in step (f). This solid/liquid separation may be achieved by any 

;:m^ : lgi^;t6 be - 

It is preferred that . Jfte,.cbalUec»vered step (g) be w 
washing uses a mmimum of one part of clean water for each part of coal, by weight 

. ThCp^A?ess in apcswSlj^ 
;P^ u ??„ a ^F^ 6 ^ 2 ^ ^ product hawng an ash content of 0.1-6^2%; by weight The 
Jprdcess also/removes Na and S1O2 ffbm the coal and thus it is believed that the ash fusion 
tempera^ coal is also advantage^ 

process. The ash fusion temperature is im^r&nt if.ttie demineralised coal is to be used as 
a -^ e ^ f ?rS^.. to bjnes as these require that the ash fusion temperature be greater than 
1350SC, more preferably greater than i 500?C. 

TTxe proems, of the ^ the present invention is capable of achieving 

demineralised cp^ having; m Q.2% by weight, with trials 

involving some coals achieving an ash content of 6.01% by weight Steps (a) to (e) of 
Ousgrpqess; of IKe '^^^ .of ^iiiyi^m^ft ^fe ^^Mpfj^^tfi; demineralised 
coal having an ash content as low as 0.3-0.4% by weight For some usesi this ash content 
: is acceptable Snd the nnthex pro^sing of the hydromeima|:>asliihg. step may not be 
necessary. 
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Accordingly, in a second asjpect, the present invention- provide a process for 
demiheralising coal comprising stqps (a) to (e) of the process desCTibed with reference to 
the firet aspect of the present invention- , 

The hydrothennal wasWing stage ^ has ailsp been shown to t^u^ ffle^i content of 
-the cod. This also suggests that the hvdrotherma1,wA«hina cta^ can be used as a stage in 
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a dOTmeraKisatidn pTo&gg)&& includes steps ottuOfiu^ (e)as d^cribed with 

reference to the first aspect of ihepreseatinventionv^ : : •* 

1'* 1 v' - tr A^i^gly^ a process / for 

: demincralising xx>al comprising the steps of alkali digestion followed by acid soaking and--" 
5 ; : : rwfienbin ifcid ^al^ asftescrib^ ! 

reference to step (O of Ae firet asp^t of the present indention. 

Brief description of the drawings 

Figure 1 is a process; flowsheet of an embodiment of a process for demineralizing 
coal % L acjpordaiice ^ffaL^tb^fi^^ a^T^gt of* flie" inVisnCiiaaag " ;/\ 
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Figure 2 is a process flowsheet of one embodiment of the acid soak step of Figure 
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Figured 

of Figured; • ■ 

Figure d is a pioc^'flj^^htct of ah embodiment of a process for demineralizing 
coal in accordance with the second aspect of the invention; and 
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Figure 5 is a process flowsheet of an embodiment of a process for demineralizing 
coal in accordance with fectfcird asp^^ 

Detailed description of the drawings 

. hi opnsiderinjg the drawings; if WH)^ .^p^i^^d that th^ drawings are provided; 
for the purposes of illustrating preferred ranbodiments of the invention. Therefore* the 
invention should not be ^ considered; to be limited to, thCfeafiires: shown and described witib 
reference to the drawings. :. . , . . . .;.. 

. . . . A flpw ^eet for a deirm the present 

invention is shown in figure 1. In figure 1 , coal 1 Land caustic solution 12 are fed to a 
caustic digestion vessel 10. Caustic digestion vessel TO is suitably an autoclave that 
allows, the slurry of caustic solution and coal to beJeated- >L - " " 
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The caustic solution 12-that -is fed to caustic digestion- vessel 10 comprises "a— ~ - 
s^iuxn fiydroxide aSluti^ 15%^ The 

coal H and sodium hydroxide solution 12 are fed to caustic digestion vessel 40 in 
amounts suchltKat a sfc^ caustic "cUgestiori vessel J 

10 is stirred using a suitable agitator to assist in minimising or preventing the deposition 
of sodalite on the walls xxf the vessel: " : "\ 

The slurry of coal and caustic solution in vessel 10 is heated to a temperature of 
" from 220 to 250°,C£l$ius, The slurry is : maintained at .this temperature for a period from: 
15 minutes to 60 minutes* >with 20 minutes being especially suitable/ ; The sluny is 

The slurry of caustic solution and coal is heated such that the rate of increase of 



within the t^nperature range of 150 to 240 p Celsius. 

r ^*dence time has passed, the slurry is cooled at a woling rate 
of ii^s ihan.5° even mdre suitably Ji^s jthan 2° Celsius per minute, 

whilst the temperature is in the range of 240 to 150° Celsius. The slurry is removed from 
caustic digestioii vessel 1 0^ and passes via line 15 into filtration unit 20. Filtration unit 20 
may be an>r suitable filtotion unit that can achieve separation of coal from the caustic 
solution. Belt filters .&A,dram arie especially useful. It will . also be appreciated 

that other solid/liquid separation devices may be used in place of filtration unit 20. For 

■■" ■ . • .• • . ........... . ; . .. .. .. 

example, flii<&^^ 

The spent caustic solution 22 recovered from filtration unit 20 is sent to caustic 
recovery 24. In cau^c rwpyei^ 24; ffie spi^pt c^tic solution i$ regenerated; For 
example, the spent ra^tic solution may be ^ ^ calcium oxidei calcium 

h Xdroxi«de, magnteium oxide ormajgnesium ^ 
and regenerate sodium hydroxide, Tfte regenerated so^ 

./ r^ 3 ^^ ?6 is then washed wMi water in water wash vessel 30; Water 
wash vessel 3« may be any suitable Vessel for mixing ^ liquids and isbiids; Alternatively; 
and preferably, water wash 30 is ; effected by washing the filter cake on the filtration unit 



' :-. ■ - - ••••.> .Ss.v.-'.j- ■■■yy%; y- • ••>.*. 



■ "C" ..j-..- ... - - A" ■. 



004277778 



-■■ 12 



-w w, * . .. .-^wa- .- :• . .j, .... ... ^ 

- --- - — -. . — v ........... > .. , . ..... 

... • -* www .... „.- .... . ... x - .... ... v«. 



.-<•....-.-: l.-vn....;.... 



5 



v :>: '. 



10 



15 



20: 



residual caustic solution is formed on the filter belt This filter cake majr be sprayed with 
washswate£32.: As the. filter cakeiis still m.coritact the,£llratibn unit, the w^b water J 
" is ^removed as removed wash water 34; ■ - • . ,*™*> - <* , * ...« : . - 

; The washecf filter cake, romptisirig washj^J alkalized coal 36 is then fed to the : 
acid soak process 40. In the acid soak process 40, alkalised coal from filtration unit 20 - 
and water >v^h 30 is tnixed Mfh MJer to give a slurry ^ntehh^on in the rangejpf 51 
25% by weight coal, preferably 10% by weight coal. The slurry is acidified with acid, 
preferably sulfuric acid^ to obt^ a pH in the range of from 0.5 to L5 r preferably pH 1.0. 
The temperature of the acid slimy is maintained in the range of 20° to 70°, more suitably 
in m range of 30 6 to 60°..Celsi^ .fdr a period of greater than 20 mmiites. It lws been 
found that 60 minutes is a suitable time for maintaining the coal in contact with the acid 
solution. The coal should be iai^tated to promote mixing of thie coal- with the acid 
solution;.; *;_**;; ' .v;;' V:i •* ■ - : 

. / ; The acid waslv soak \pxroe^. JQ' may Emprise a single contact between: the acid 7 
solution and the coal. However, it is preferred that the acid soak process involves 
contacting the coal yfith a$4 splufion hiore^^^t^^ Preferably, the coal: is qbritacted 

with the acid solution under the conditions of temperature and residence time outlined 
above/ ; The coal and acid solution are : then s^arated. and the ppaj fluiher contact ; 
acid solution on one or more occasions; jFigures 2 and 3 show schematic diagrams of 
some 
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After the acid soak process 40, the. coal and acid solution, are separated in 
separation unit 50: Separation unit 50 is suitably a filtration unit, especially a belt fitter 
dradriimMer.Theipent 

the recovered coal 54 ^ is then subjected to a water wash 60. Water wash 60 is 
suitably aphi^yed by spraymg ^ filter cake of the belt filter or the dnim filter with a 
wash: water 62. The wash waiter is removed from tie filter cake througji 'the filtration 
..Mhft> ?6 
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residual acid solution isjto process 70. : ThV^ 

wash^^ 

present in an amorat ^ 66 is reshjm - 

pH of the liquid phas^Mlbe approximately 2~ . " TL" " " 7 ' - . Z .V . ' /. I \: "... Jt? 

In^hydro P 1 ™*^ 70, water 72 and ethanol 74 are mixed witti^ 

the coal; Prejfer^ly, the : wat^sdideffianblairemixi^ such that a solution of 50% efhanol ? 
in water is obtained. The amoimt of water, ethanol and coal fed to the hydrothennal 
dewatering proems 70 is siich that a slurry having a solids loading of 55% by weight is 
■ achieved." ,,*..>,• 
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In a mosr^ the present; invention, the slurry in; 

: hy^thermal dewatering process 70 is heated to a temperature of 240 to 280° Celsius^ 
"Especially 2$0 270° XeM sliiriy 'dt a fieatmg rate of between 2° :;: 

Celsius per minute ^ and ^ 20° Celsius per minute?^ Heating is conducted under autpgenoiis 
pressure such that boiling is prevented.1 At the maximum tempwatures reached ml the 
hydrothennal dewatering process 70, the autpgenoiis pressure is approximately 8 MPa.' 
The slimy is suitably kept at ttoe elevated temperature for a period ot between 1 minute 
. and ^ 60 miniites, suitably 5 minutes. Under these conations, the hydrothernaal dewatering 
process reduces the level of sodium coai s wiifli the 
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Vlf only spdiiim 

the temperature used the hydrothermal wash stage can be as low as 10^ Celsius and is 
suitably ^;j^bierit tempe^ture, . 



The shiny from hydrotKermal. dewatering process 70, is passed via line 76 Jto 
filtration unit 80. fa filtration ^ ftom the hydrothermal dev^tering 

process ^separated into a coai l&action i : 82 and a liqiiid fiicdon S4. : The liquid fraction : 
84 may be sent to an ethanol re^pyery unit : 90^ wWch^^ column. In 

ethanol recovery unit 90, the liquid fraction 84 -is^pfitintoa ^ water rich fraction 92 an^ an-, 
ethanol rich fraction 94 r Ethanol ^ rich fraction 94 is suitably returned as stream 74 to the 
hyctothenn^l dewatering.umt TO. ^ .... 
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: As:mentioned above, the acid soak process 40 may comprise a first slurrying of 
v the coal with an acid solution, followed by re^slunying of the coi between one and four 
: ^«s. Figure 2 shows on? possible flow sHe^ for ^ soak process 40. In figured, 
the alkalised coal 36 is fed to a 'first acid soak vessel l4brAn acid -solution 142 is mixed 
with the al^ised^^ 36 in vessel 140 for the desired time and under the d^ired 
temperature conditions. The acidiiB^.slurry of coal 144 &en passes to a separator 146. 
The acid sohition 148 is remoyed and the coal containing fraction "lSOJs'ttie^a^fcsd-to;. 
second acid soak vessel 152. Fresh acid solution 154 is mixed with the coal containing 

. ... ... . .-. v ' ' . - ........ . . . v . ...... . - ... ...... .. 

fiction in vessel 152 under the required conditions. The acidified sltoy 15<5 is sent to 
second separator 158. The acid solution 160 is removed and the coal containing fraction 

- v. ■ v . . ... .. . ... ..... . .......... . . ... ...... ....... - ... 

162 sent to either Separation ^ 50 as shown in figure 1 or Jf 

are require^ sent to a further acid soak vessel 164. Broken lines 165 indicate that the 
s^u^rice of s'oajdng with J^hacid ^lutiori followed by s?pa$tion may be repeatexl phe 
or more times.. ... 



In v ^ eI 164 » cojai ^ containing fraction 162 is mixed with fresh acid solution 
166forthe;des^ 

omesponds to slurry line 44 shown in figure i) is then passed to separator 50 and water : 
30 wash 60, whicfi correspond to ^the:req?ective separator 50 $rid water wash .60 of figwie 1. , . 



.. v.-.-. 
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the pioc^ shown in figure^ 1 : 3nK**'/' 
typically ^ have an ash content of between 0.01 and 0^:% by weighty with an ash ^ fusion 
traiperatiire sufficiently high to . enable use ofthe. ultra clean coal as a fiiei for gas^l . 
tmbin^. /When ^^etilte clean cd^ is used to;fire d^ as pairf of a 

gas tuibine combined-cycle power station, the ultra clean coal has the potential to reduce 
the greenhouse gas ; emssions by ;25%. when compared to modem coal fired th^tnal 
power stations. When the extra processing involved in obtaining the ultra clean coal is 
^koi into acMunt, greenhouse ^: gas; ^"ssioife an 
overall life-cycie basis; ■ "S 
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i:t«: i^au^ng:^; tfie ^m^witft ffe?h acid .solution .pref^i^taKfe, pia^: 

" be^eenone and four times; - - - •- - — ■ • ■•» ■ »■ ™ ■, . .1. a.- . * % « 

— number of contacts are made between the acid solution and he ^fiactioii In figure *3y ' - 
the acid soak process is ^hieved by a muIC^geUctowter current .^nlactmg lieiEweOT the 
?°^l?£*the ?° id solution; The process involves contacting the coal fraction with the 

J MiUsoliitidn ia.a n The broken lines 244 indicate \' 

that ftere may be more contacting vessels than the two shown in figure 3. The coal 36 is 
f^ to contacting vessel 240. tte coal containing ^ J 
contacting vessel 242. The coal containing 252 from contacting vessel 240 is ' 

then f«j to either separation unit 50 (as shown in figure 1) or to one or more further 
contacting vessels (not shown).. 

Simi^ly,;fresK acid solution 260 is 

ir } & K 5 U a^ vessel 242 is then fed to contacting vessel 

240. The Kquid:fractioa2 



a> -a- 



The process shown in figure J may 
the man skilled in the art jfor county current cpn^ and liquids. Such 



^ i ^^; 4 , show ? a sheet of a process in accordance with the second aspect of 
mventibn r . For. wffi&MCffiei: odal product obtain^ vfibra water wash 60 
™ figure 1 has suffieienUy low ash content to be used without needing to undergo 
fhe:hydn)ffiermal dewatering vi6i^^^bfi&E^ the .process showh; in /figure 4 is 
essentiaUy identical to that-shown in figure l j except that the coal fraction 66 from water 
wash 60 is hot fed to me hyarotherhial jdewate^ but rather goes to water wash 

100, where it is washed with wash water 102 to obtain an ultra clean coal-product 110. 
The ultra clean coal product l i0.6f figure 4 yim Kays a somewhat higher ash content that 
me ultra clean coal product 1 10 of figure K - 
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FifiW* 5 shpwsjai flow sheet.in ^cordahce with the third a^ect of the toveiSdoiju 

, *Z\ to the flow ^sheet shown in figure 5, the coal 300 is subjected to a caustic digestion 302, 

and then to an icid wash or acid soak sfege 304. m caustic digestion 302 and" acid wash 1 

7* : s ^$ e3 9^ of figure 5 may be the same or different to the respective stages described witfi 

reference to figure I, The coal fraction 66* from acid soak 304 is fed to a hycbothennal 

J . ^a^&pr^§ : 70', followed by : separation m filtration umt 80* ihtaa liquid fraction : : 

10 . ^ 84' is fectionated into a w^er 

^ntainmg iiac^^ : 

Coal containing fraction 82' is washed in washing unit 100* and an ultra clean coal 
product 100 is recovered. . "The . processing steps and conditions of hydrothennai 
;. dewat^nj? prolpess 70* shown in figure 5 is essentially identical fp.fhe hydrpuj«mai: 
15 dewatering process 70 with reference to figure 1. 

Those skilled in Ae art will appreciate Aat tine invention described herem may 
subject to variation 

that the hydrothennai dewatering process may use an orj^c acid instead of the polar 
organic solvent, with citric acid being preferred. If citric acid isusea in the hydrothennai^ ". 
2 ?J . dewatering process, the preferred oon^tfpns are as : set out under the description of the 
first aspect of the present invention and me efoaro may be omitted. . 

^ particular apparatus used m the present p 
^apparatus known: t^ ^:¥&.*x^le..fo;tW^Wg^to 
vessel 10 may comprise any suitable reactor including' tubular concuirent-flow reactor, 
25 stirred autoclaves operating bafch With continuous inflow and outflow, in single 

or multi stage configurations, or counter cunent or cross phase systems. As the apparatus 
.'. . • ; %tmaW well known to: the person 

of skill in the art. It need not be described mrthen • ■ 
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